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TECHNICALINOTE~0. 42.

THEDETERMINATIONOFDOW’W!7ASH,

By

Lt.WalterS.Diehl,
2hmeauofConstruction& Repair,U.S.N.

?ntroduc% ion.=

Itis obviousthat2inaccordance=iihl?ewtontssec-

tmdlaw,thelifton.m aerofoilmustbe equalto thever-

%icalmomentumcomrmnicatetiper secondto theaixmass

affeoted,c~rlse~uenti~’a liftin~aerofoilin.flightis

%railedby a washwhic”hhasa definiteticiinatior.corres-

pondingto thefactorsproducingthelift. lt is thOUght

that sufficientdata,iheoreticalandexperimental,are

nowavailablefora completedeterrzinationoi tiiswash

with respectto t-hevariation of itsangleof inciination

w’hichgoverns

Although

itsdecayin space.

Ilukts FormulaforDownwash.

ithaslongbeer.knonnthattuneartgle of aown -
wash c , as observeda% a givenpointbehindtheaero-

foil,is diractlyproportionalto theliftof theaerofoil

(Bz.A.C,A. R. & M. NO,296) andinverselyproportionalto

theaspeotrat5.o(LanctieMer \:AezialFlight~’VO1,1, Chap

.-



-2-

.

.

terVIII,Br.A.C.A.R. & M. No.261),Munk(Tec”linischeBer-

ichte111-1)seemsto havebeenthefirstto proposea quan-

titativesolution,He asse-tistha.%c mustbe rejrssented

as thsproductof scnueconstantandtheangleof’attackas

expressedby theformula(BeizjT.13.I-4),

where b isthespan,~c istheliftcoefficientandS is

%heareaof theaerofoi.1.TheformulafordownwWhthen

beccmffies

E
5?.3C=C , a= ~ . 2L’C(:2)

thevalueof theconstantc 3eingdeterminedby experi-

ment. Theformulaas givenappliesto zonoplqnesbutzay
.

be appliedto nultiplaneg,accordingto Munk,by the intro–

ductionofanotherconstantk whichreducesthespan b

to thespanof theequivalentmonoplane. .

Thevaluesof c w.redeterminedfarseveralmodels

by photographinga seriesof streamers.Owingto thelack

of certainvitaldata,theresultshavenotbeenincluded

in thisstudy,buttheconclusionsaregiveninstead.It

appearsthattheequation,as givenabove,isnot.general.

Thevaluesof c varysomewhatmorethanisallowablefor

a l[oonstantfl.No attemptwasmadeto deterininethevariation -

of c withaspect~atio,norwasanyallowancemadefor

theinevitabledyingwt orthewa~heffectin space.It

appe~s,however,thattheangleof downmashiS substazzti-
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ally constantoverabouteigbz-tenthsofthespan,with

suddenchangesnearthetips.

N, P. L. Formula.

Themostcomprehensiveseriesof testson downmsh,

whichhavebeenpublished,arethoseby Sandison,Glauert,

andJones(Br.A.C.A. R. & M. No.426)”.Ipthisinvestigation

thevariationofdownwashwasdeterminedin spacefora

rnnzberofpointsbehind,above,andbelowthetrailingedge.,

of theaerofoil.It wasfoundthat,in accordancewith

hydrodynamictheory,* theangleof down~shdecreasesex–

ponential.lywiththedistancefromtheaerofoil(ab.i-

Flaneinthiscase,)andmightbe expressedby theempiri-

calformula

c = ccl‘lo–”’”=‘-0’08c

where.

“is thedistancebehindthe wingin chordlengths,t.

c isthedistancebelowthe-chordof theupperwing
intermsof thegap>

and K* is a constantforanygivenarrangement.

Thisappearsto havebeenthe firstattemptfo express

thevariationof ,Co frompointto point. Witha s.atis-.
factorylawforthevariationof co it wouldhavebeen ~

complete.

Derivationof a ComprehensiveDownwashFormula.

Itis nowpossibleto derivea comprehensivedoma-wash

formulabasedon theG8ttingentheoreticalandtheN.P.L.
* SeeManchester,AerialFlight,Vol.1,Chap.1X1.
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empiricalformlae. It is ‘kno?mdefinitelythatdownwash

variesexponentiallywithdistancefxornthetrailingedge,

TheplotiedresultsofN,P.L. investigations,whichshow

tilisvariatiop.

Figs.land 2,

replotzedon a

ticaldistance

verti~ailyandhorizontally,aregivenin

respectively.ThedatainFig.1 havebeen

logariihrd.c scale inFig.3, %bh thever-

fromthetrailingedgeexpressedin~i~~rd. .

lengthsplusonechordlength*as abscis~aandanglesof

do~~~s~‘asordinates.It iS foundthatfora given?-nglf2

of attack,theanglesof do:m~shat variousverticaldis-

tancesfromthetrailingedgelieon a straightline.

Thelinescorrespondingto thevarims anglesof attack

are all. parallelandhavea slopeof -i3°* 0.50”.This

indi.cazesthat

ticaldistance

by an equation

thevariationof angleof downwzLshrithver-

fxomthetrailingedgecanbe represented

oftheform:

C=c ~ (y .+1%
wherec1 = a constant, .

7 = theverticaldistan~e,of thepointundercon-
sideration,inchordlengths,fromthetrailing
edge,

and n = -tan(-13°* 0.5°)

= -0.23* 0.01.

Ina si~ilarmannerthedaiafr~ Fig.2 havebeen

plottedinFig.4. Thepointsagainfallnear parallel

straightlinesbuttheir.slope,-21°*,0.5°,is steeper

thanthatinFig.3. Theindicatedvariationoftheangle
* This”isaecessazysoas to providea finitevalueat the
trailingedge.
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of dovinwashwithvariationofhorizontaldistancefrom

thetrailingedgeisof theform

E =C2 -..(x+ I)n
where~ = a constant,

x = theho~izontaldistance,of thepointundercon-
siderationinchordlengths,.fromthetrailing
edge,

and

.

n = tan (-210+ 0.5°)
= -0.38+ 0.01.

Inorderto elii.ninatethecalculationsinvolvingfrac-
.

tionalexponentsthefunctions,

z = (y+ ~)-o”zs

. 7*J = (x + JO”3*

beenevaluatedandplotted”inFig.5.

Datafromfiveseriesofdownz=shdeterminationshave

plottedin Fig.6, ‘withanglesofdownwashas ordi-

and

have

been

natesandliftcoefficientsas abscissae.Theslopeof

i the straightline,whichpassesthroughthepointsrepre-

L sentinga seriesoftests,determinesthevalueofAC/ALc

forthatparticulararrangementandthepointin spaceat.
whichtheobservationsweretaken. Theaspectratio,the

valueofAC/ALc,andthecoordinatesof theobservation

pointaregiven,foreachseriesof tests,inTableI.

Itis evidentfrominspectionof Fig-.6 thatc var–

iesdirectlywithliftcoefficient.It hasalsobeenshown

by datafromthetestsof Sandison,Glauert,andJones

(Br.A.C.A. R. & M. No.426)how c variesin space.Munk!s
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equation Indicatesthatc variesinverselyas theaspsct

ratio, II. Thereforethe angleof downwaskshouldbe given

by

whereK isa cGnStarit,numericallyequalto&/ALc atthe

:railingedgeof a wingofaspectratiounit~y,

Thevalueof K isdeterminedforeachofthefiveser-

iesof tegts.Xfiichareplottedin Fig.5>by substituting.
thepropervaluesforthefunctionsof x and y andfor

,
theaspectratio n. Theprocedureis indicatedby the

headingsof columnsinTableI.

It isfoundthatK is substantiallyconstant,varying

from164to 176;a singleexceptionof 158correspondsto

a seriesof testsona biplanearrange~eni,thewingsof

whichwereequi~pedwithflapsandrepresentabnormalcon-

ditions. Itthereforeappearsthatthe’angle’ofdown-wash

canbe represented-toa goodapproximationby

t .~a
c (x + 1)-0”38 “(y-t-1)-0”23Lcn .

““F~. ‘Y . Lc

Fx andFy beingthevaluesof thefunctionsof x aridy

“whicharegiveninFig.5.

Thevalidityof thisfornulais obviouslyconfined

to that”rangeof angleof attackorliftcoefficientin-

.-

whichtheairflowabouttheaerofoilisnotabno~wallytur-

bulent.
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Applicationof theDownwashFormla.

.,

Thechiefuseofa domiwashformulaisthecalculation

of theaerodynamicangleof attackof thehorizontaltail

surfaces.Forthispurposea referencepointistakenon

theleadingedgeofthehorizontaltailsurfaoesandtthe

valuesof s obtainedfromtheformula.Theaerodynamic ~

angleof attackofthetailsurfaceswillthenbe

% =a- B-c

whereQ istheangleof attackof thewingand~ isthe

acuteangle

zontaltail

ifthetail

betweenthechordlinesof thewingsandhdri-

surfaces,consideredpositive(intheequation)

is setat a lessapparentanglethanthewings.

Thedatafromtestsseem to indicatethatin case

of a biplanethemximum angleof downwashoccursinthe
\

horizontalplanemidwaybetmen thetwo wings.Theeffect

is so slight,however,thattheabovemethodmaybe used,
L referringthecoordinatesoftherefe~encepointto thenear-.

est wing(preferablyto theno liftline)>‘ith‘heassur-

antethatthe results so obtained will beas

it ispracticableto calculatethemwiththe

able.

precise as

data now avail-
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TABLE1.

DETERKINATIONOF K INTHEEQUATION

Sourceof:Aspect: : “: : : ~*cK~.
‘G(+) .~(Fx.FY~. nData :Ratio:~~ :x: Y:Fx:Fy:ALcFx-Y-. :~~c::::: .., ,

. n: . . . .. . . . . .

NC-1 : : : : : : : .
. Curtiss : 9.5 :11.20:2.5:0 :.625:1.00:17.9 ; 170

Tests : : : : : : : ..
. R&M#196: 6 :15.2C:2.3:0.55:.64: .90: 26.4 : 158

R&M#426: 6 :14.70:3,0:0.61:.595:.89: 27.8 : 167

R&X#426: 6 :16.00:3.0:0.43:.595:.915:29.3 : 176

RN #515 : 7.73:11.8:2.6:0.6:.62:.895: 21.3 : 164

NOTE: Therewillbe a slightdecreaseinthevalueofAC/ALc
withincrease”inliftcoefficientifthereference
pointisnotfixedin space.Thisiscausedby the
changein thecoordinatesofthepoint~th,cha~e
in a~~leandtheeffectmayeasilybe aocountedfor.

LetD = distancefromtrailingexe, T, to ~f-
erence point P

e = Inclination to horizontal

then x= D. Cos e

Y= ~ - sin Q

ofline
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